The scarcity of oil resources and the rise of crude oil price had driven the whole world to seek for an alternative fuel for automotive industry. One of the prospective alternative fuels for compression ignition (C.I.) engine is compressed natural gas (CNG). In order to operate CNG in a C.I. engine as mono-gas engine (RE), several modifications are required. The modifications that involves are compression ratio, fuel injection type, addition of spark plug and fuel itself. So as to reduce the time in preparing the experimental test bed and high cost analytical study a 1dimensional simulation software GT-Power was introduce. The GT-Power simulation model for a 4 cylinder medium duty C.I. engine (DE) and RE has been built to study the effects of conversion process to the performance and emissions of the engine at various operational conditions: low, medium and high load conditions. As compared with DE model, results from RE model showed loss in brake power (BP) and brake thermal efficiency (BTE) by 37.3% and 19% respectively. Meanwhile, for brake specific air consumption (BSAC) RE predicted to undergo an average of 19412.6 g/kW-h and increment in volumetric efficiency by percentage of difference 22%. In other side, oxides of nitrogen (NO x ) RE engine model predicted reduction of 48.1% (engine mode 1-9) and increased in hydrocarbons (HC) by 90.3.
Introduction
A natural gas vehicle (NGV) is an automobile that use compressed natural gas (CNG) or liquid natural gas (LNG) as an alternative fuel. NGVs are first been used as a substituted to gasoline fuel during mid 1930 in Italy. After the energy crisis in mid 1970's most of the developing countries start to promote NGVs to reduce dependency on foreign oil [1] . In Malaysia, the used of NGVs were started for the use of taxi cab and airport limousine during the end of 1990s. Increased of NGV user can be seen during 2008 as the fuel subsidies were removed which seen an increasing price of diesel and petrol fuel. Figure 1 show the amount of NGVs up to 42 thousands which reflect to the pull back of subsidies from the Malaysia government [2] . On the other side Proton had also taking into account regarding on fitting Persona, Waja and Saga model with CNG kits. International Association for Natural Gas Vehicle (IANGV) set a target to achieve 50 million NGVs user by 2020 which seen a bright future for CNG as an alternative fuel. 
Compressed natural gas as a fuel of choice
Malaysia is regarded as one of the luckiest country awarded by large petroleum and natural gas reserve. Based on Figure 2 the production and consumption is approximately directly proportional to time with production exceeding consumption and the difference is widening through years. This indicates that if the trend continues the export of natural gas will be increased [3] . At the current production rate even though there were no new discoveries of natural gas field, current reserve are still sufficient for 24 years until 2036, however if the slower rate of development in natural gas consumption continued Malaysia's gas reserve can last until 2053.
Natural gas is made up primarily of methane ethane, propane, nitrogen, helium, carbon dioxide, hydrogen sulfide, and water vapor with normally 90% of natural gas composition is methane. The nature of any gas can be compressed, thus easy to transport and store. According to Semin et. al [4] natural gas are attractive because of cheaper than gasoline, lower emission compared to conventional fuel, has a high-octane value and therefore, suitable for engines of high compression ratio with possible improvement of both engine power output and efficiency, reduce petroleum usability and large scale of natural gas source. Figure 2 : Natural gas production and consumption trend [3] In addition, regular emission treat produce by conventional diesel and gasoline such as particulate matter (PM) and oxides of nitrogen (NO x ) can be reduce since natural gas does not contain aromatic compounds such as benzene, and contains less dissolved impurities (e.g., sulphur compounds) than petroleum do [5] . A relatively low flame flame speed and low combustion temperature of natural gas engine help to reduce NO x emission operating with higher compression ratio. Figure 3 shows how the components are linked based on GT-Power engine mapping computational model. In order to convert the DE to a RE, modifications of the design in engine system are required. Since RE used a throttle body injection, the DE fuel injection system was replaced from Injprofile connection to InjAF-RatioConn which inflict air-fuel ratio. Stochiometric air-fuel ratio used in this analysis is 14.3 and 17.3 for DE and RE respectively [6] . Different fuel type use in this study necessitates a different combustion process. EngCylCombDI-Wiebe (compression ignition) and EngCylCombSI-Wiebe (spark ignition) combustion was used in Engcylinder to couple with Injprofile connection and InjAF-RatioConn respectively. Table 1 shows the case setup to study the effects on various engine performance and emission at different engine load. The case was setup; low, medium and high load; at different engine speed [7] . 
Engine modelling setup

Result and discussion
4th Mechanical and Manufacturing Engineering
Conclusion
In this study the effect of conversion from DE to RE that involving compression ratio, fuel injection system and fuel type has been predicted by using 1-dimensional simulation software GT-Power. The developed model is tested at various engine performance and emissions. Based on the RE model, it was found that RE can offer reduction in critical emission however it does suffered in reduction of performance. The result of the study can be summarized below: 
